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THE SOLUTION AND ANALYSIS OF CERTAIN ACID
RESISTING ALLOYS
INTRODUCTION AND PURPOSE
Within the last few years a notable line of devel-
opment in metallurgy has been found in the production of spe-
cial alloys adapted to specific uses. Prominent among these
have been alloys having high resistance to corrosion, espe-
cially to corrosion by acids, either singly or in mixtures,
and a large number of such materials have been successfully
used. Acid resisting alloys thus developed may be classified
under two general heads - as follows:
First, iron alloys or special steels, in which
larger or smaller quantities of other substances are added to
the iron to impart to it the desired properties. Chromium,
manganese, nickel, copper and tungsten are among the metals
thus added, which give greatly increased efficiencies.
Second, alloys containing practically no- iron, but
consisting of various mixtures of nickel, chromium, copper,
aluminium and some of the rarer elements such as tungsten,
titanium, molybdenum, vanadium and boron.
The latter class of alloys is usually based on one
of the above named common metals, such as aluminum, nickel or
cobalt, with the other constituents present in smaller amounts.
The aluminum alloys offer particular advantages in their great
lightness, and in the fact that aluminum is cheaper than nickel
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or cobalt. However, such alloys, while they may have acid re-
sisting properties in some degroe, are not strong enough to
withstand the physical strains and stresses, which in some
oases may be imposed upon them, and for this reason stronger
material is often desired.
A cheap acid resisting alloy can be used for an end-
less number of purposes. A good example is "Monel Metal, n a
natural alloy of nickel and copper, which is acid resisting
to a large extent, and also withstands other corroding agents,
a fact which gives it a great many uses. It resists super-
heated steam, locomotive smoke, exposure to the atmosphere,
the action of sea water, the action of dilute sulfuric acid
and other reagents. For this reason it is used for rods in
superheated steam engines and pumps, for protective coverings
for buildings, especially those near steam railroads, for pro-
pellors and shafts on sea-going vessels, for pickling vats,
and similar purposes.
A very important use which has been found for a
strong, workable, acid resisting alloy is in the construction
of calorimeter bombs. Bombs have usually been made of nickel
steel, which possesses the requisite strength, while the nec-
essary resistance to corrosion by the acids generated in the
combustion is secured by lining them with platinum or enamel.
This is, of course, a very expensive matter, with platinum cost
ing $1.50 to $2.00 per gram, while the lack of durability of
enamel unfits it for the purpose. The desirability of find-
ing a cheaper metal which will take the place of both the nick-
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el steel and the lining, is at onoe apparent.
Professor S. W. Parr, of this University, has devel-
oped such an alloy after a long series of fusions of various
mixtures, followed by tests of the resulting product, A new
form of bomt/is made of this material, both the shell and cov-
er being cast of it and requiring no lining.
R. H. Jesse, Jr., has run a number of determinations
on both cane sugar and benzoic acid, and has obtained excellent
agreement with the data of the Bureau of Standards, and also
Fisher and Wrede, showing that this type of bomb is applicable
to the most accurate scientific work.
The oxygen used is not absolutely pure, containing
several percent of nitrogen which forms nitric acid during the
combustion. When coal is burned sulfuric acid is also formed,
due to the presence of sulfur. The new alloy withstands the
action of these acids very well.
During 1912 one of these bombs was run in check with
a platinum lined instrument on about four hundred Illinois coals.
The results obtained were entirely satisfactory, while the in-
ner surface of the new bomb showed no corrosion.
A large number of different mixtures were tried in
making the alloy ,« the average composition of the more sucoess-
ful fusions has been stated to be about as follows:
Nickel 66.6^ Aluminium 2.0$
Chromium 18.0$ Manganese 1.0$
Copper 8.5$ Titanium 0.2$
Tungsten 3.3$ Silicon 0.2$
Boron 0.2$
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Howevor, this composition is not obtained as the result
of a chemical analysis, but is merely a statement of the amounts
of the metals used in making the melt, and it by no means expresses
the true composition of the substance, which can only be obtained
by actual chemical analysis. It is, therefore, the purpose of
this research to study the methods of decomposing alloys of this
type and of separating and determining their constituents.
SECTION I
EXPERIMENTAL PART
The Sample
The samples were taken from the bottoms of risers in
castings, where the metal appeared uniform and free from blow-
holes. The metal was firmly fastened in the chuck of a lathe
and thin shavings, 0.06 to 0.10 mm. in thickness, were taken off
with a hardened steel tool. The metal shaved easily without the
use of lubricants, and there was no visible damage to the tool.
The shavings were caught on a piece of heavy glazed paper. A
magnet was used to separate any iron which might have been chipped
from the tool, but no iron was found. The sample was then trans-
ferred into a weighing bottle and labelled.
A sample may also be obtained by drilling into a bar of
the metal with a hard steel drill, or by shaving it in a shaper.
A very small piece is most easily handled in a shaper, while a
large piece is best handled in a drill-press.
METHODS OF SOLUTIONS
It was first necessary to find a satisfactory method

of bringing most of the constituents of the alloy into solution.
The following outline shows the methods tried:
I. Action of Acid3.
(a) Hydrochloric.
(b) Uitric.
(o) Sulfuric,
(d) Aqua Regia.
II. Action of Alkali.
(a) Caustic potash.
III.Fusion.
(a) Sodium carbonate.
(b) Acid potassium sulfate.
(c) Sodium peroxide.
IV. Combination of Treatment with Acids followed by
Fusion.
SOLUTION WITH ACIDS
The sample obtained as described above was used in
all the solubility tests. The thinness of the shavings pre-
sented a very large exposed surface, and the action, if any,
should be quite rapid. The tests were carried out in Jena
glass Erlenmeyer flasks. The sample taken was from melt num-
ber 64.
Hydrochloric Acid .
Cold hydrochloric acid (sp. gr. 1.19) dissolved most
of the alloy in two days leaving a grayish residue. When heated
on the waterbath the reaction took place very much faster, the
solution being complete in about four hours. The amounts used
were three-tenths of a gram of metal and fifty cubic centimeters
of acid. The solution was never absolutely complete, the residue
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having a curdled appearance and a steel gray color.
Mtrio Acid .
Fifty cubic centimeters of acid (sp. gr. 1.42) were
used on three-tenths grans of metal and no visible action took
place, either hot or cold. After standing on the water-bath
for a week, the solution had a very faint blue color, due prob-
ably, to the selective action on copper. Ho further effect was
noticed, even after two months standing in contact with the acid.
Sulfuric Acid .
There was no visible decomposition with either hot or
cold acid (sp. gr. 1.84) in three days. At the end of two weeks
on the water-bath, a slight yellow precipitate was noticed on
the bottom of the flask. This substance was probably tungstic
oxide. The pieces of metal, hov/ever, were still bright in appear-
ance. On standing on the water-bath for eight months the metal
seemed to have been dissolved to a considerable extent. The
solution had a green color, the residue being yellow, due to
tungstic oxide.
Aqua Regia .
A mixture of thirty cubic-centimeters of cold concen-
trated nitric acid and twenty cubic-centimeters of hydrochloric
acid was tried on three-tenths grams of alloy. Solution took
place without heating, in twenty minutes. On heating, solution
was more rapid, a sample of one gram dissolving in fifteen min-
utes on the water-bath. A residue always remained, having the
same appearance as that from the hydrochloric acid treatment.
The proportions of nitric and hydrochloric acids were
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changod, the result being practically the same when a large ex-
cess of hydrochloric acid was used. Satisfactory decomposition
was obtained by adding hydrochloric acid and heating for several
hours, and then adding several cubic-centimeters of nitric acid
and evaporating to dryness. In order to get a good uniform de-
composition, this treatment had to be repeated.
ACTION OF ALKALI
The sample was digested for several weeks in a ten per
cent solution of potassium hydroxide, without producing any vis-
ible effect.
PUSIOU
Sodium Carbonate .
Fusions were tried with sodium carbonate in platinum
crucibles. The samples were mixed with about twelve times their
weight of anhydrous sodium carbonate, and fused for different
lengths of time, up to an hour. The metal was decomposed only
enough to give the carbonate a slight greenish yellow color. On
taking up the fusion in water, the solution was somewhat yellow,
while the pieces of alloy still looked bright.
Acid Potassium Sulfate .
Fusion with acid potassium sulfate in a platinum cru-
cible gave no action to speak of even after heating for two hours.
Sodium Peroxide .
On account of the action of sodium peroxide on platinum,
the latter cannot be used for fusions and crucibles of iron and
nickel had to be used. Fusions with sodium peroxide alone were
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tried in iron crucibles with poor success, the alloy "being part-
ly decomposed, while the crucible was badly attacked. A fusion
of fifteen minutes was enough to cause the crucible to be ren-
dered unfit for further use, holes being formed especially near
the surface of the melt. Uickel was attacked the same way, but
not quite so easily.
Sodium Peroxide and Sodium Carbonate .
The decomposition of the alloy with a mixture of so-
dium peroxide and carbonate was more complete before the cruci-
ble was destroyed, but such proceedure could hardly be recom-
mended since the amount of iron or nickel introduced would be
too great. Then again, even if the fusion should be successful,
two fusions would have to be made, one in iron and the other in
nickel in order that both metals could be determined. Prom
these tests it was concluded that the fusion method could not
be used to dissolve the alloy.
Solution in Acids and Fusion of the Residue.
A sample of alloy was treated with aqua regia and
evaporated to dryness on the water-bath. It was moistened with
hydrochloric acid and again evaporated. This treatment leaves
all the silica in the dehydrated form. The evaporated solution
and residue were moistened with hydrochloric acid t water was
added and the mixture boiled, after which the residue was filtered
off and washed. The residue and filter paper were then trans-
ferred into a platinum crucible and ignited. A yellowish res-
idue resulted, which weighed from six to eight per cent of the
weight of sample used. This was fused with anhydrous sodium
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carbonate, fusion being complete and quiet in about fifteen min-
utes. The melt was taken up with water and a flaky white sub-
stance settled out. On repeating this procedure it was noticed
that neither the original residue from the aciu treatment nor
the residue from the fusion had the same color in two samples
treated side by side. The procedure was varied by substituting
double evaporation with aqua regia, with no improvement. Later
two separate treatments with aqua regia were tried, the first
on the alloy, the second on the residue from the insoluble por-
tion of the first treatment. This was followed by dehydration
and fusion as described above. However, these processes were un-
satisfactory, both because they gave residues dissimilar in ap-
pearance and because the results for silica did not check. Fi-
nally, uniformly colored yellow residues were obtained by heat-
ing at first with hydrochloric acid until dry, and then treating
with nitric acid and evaporating to dryness, after which a small
amount of hydrochloric acid was added and again evaporated. The
mixture was then moistened with hydrochloric acid and digested
for five minutes with water f after which the residue was filtered
off and washed with water containing a little hydrochloric acid.
This product was fused with sodium carbonate and dissolved in wa-
ter, giving a yellow solution and an almost white precipitate
,
which was very small in amount. This residue is insoluble in
acids and contains no silica.
Jena glass evaporating dishes were found to be the best
containers for the solution of the alloy.

rh
1
Id
it
L-
Table. I . >5c he mzt/c Diagram of Sep argt / h
Or, Cu, w7 Mo, Al, Ti, Mn, Si, Fe. Tb, C)
Add HOI, evaporate, finishing with a little HNOg,
Alloy, — may have following elements present. Hi, Co
Dissolve in KC1, Evaporate. Add HC1 and HNO3, evaporate.
150 cc. of water.
Add 5 cc. HC1. Boil with
Precii itate. Si.W.
Ignite in crucible.
Add K2S04 . Evaporate
Weigh
Add H2S04 HF.
Evaporate. Weigh
Difference Si02
Residue WO
Fuse with ^a2C03
Dissolve in water
Precipitate as
benzidine tungstate
Weigh as WO^
Solution. Heat, pass in K2S in a stoppered flask until cold.
Pre c
i
r itate Cu. Mo
Add" NaOH+Na2S in
a pressure flask.
Heat on water bath
filter.
Ppt. CuS
Add HNOg
Determine
by iodide
method.
(Low)
Solution
Mo, as
sulfo salt
Add H2S04
Ppt. M0S3
Dissolve in
KNO,. Add
NaOH. Deter-
mine as
PbMo04
Ppt
.
/
Ni,Co,Kn
Ti,Fe.
Dissolve
in KC1.
Add to
solutions
A and B.
Solution C,
'olution. Boil to expel Hg| Add bromine water. Expel by boiling. Add NH4C1*NH40H, boil, filter.
Precipitate. Cr,Al,Ti,Fe.
Dissolve in HC1. Repeat
:i£ ct ;i,c<
Precipitate* Cr,Al,Ti,Fe .Veyy little Ni,Co,Mn.
Solution;
Dissolve in HC1. 'Add NaOH and bromine water.
Heat to boiling. Add Er„ water Black ppt. forms
Solution . Cr and Al
Add HC1 until acid.
1TK40H. . and boil.
as sodium salts.
Then add
Precii itate . Al
A small amount of
Cr is also present,
Dissolve in HC1
and reprecipitate
.
If impure fuse
with NagCOi,
Extract with
water. Add HCJ
and NH40H.Ignite and weigh-
as AI2O3.
Solution. Cr.
Pass" in K2S until
reduced. Add
NH40H and boil off
excess. Filter
ignite and weigh
as Cr2 3 .
Solution A. Ri
4
Co, Mn.
[Solution B.
,i ) Co, Mn.
Solution C. A+B+C, containing Ni, Co, Mn, Ti, Fe.
Make alkaline with NH40K. Acidify with acetic
acid. Boil.
Precipitate
Ti(OF) .
A small amt.
of iron may
be present.
Dissolve and
add citric
acid. Reppt
.
Ti(0H)4 with
acetic acid
or with
NH40K
.
Ignite and
weigh as
Ti02 .Evaporate
iron resi-
due .Ignite
to destroy
citric acid.
Fuse with
KHSO4 to
bring it
into solu-
tion.
Solution. Add HH4OR and NH4CI, filter as
''soon as possible .Redissolve ppt. and re-
peat ppt., filtering immediately. Add
second filtrate to first.
Ppt.
Fe(o: )
Ignite^
and
weigh
or
titrate
with
KMnO
,
.
Solution. Add acetic acid. Pass
in H~S.
Pre c ipj. t aj| e_ Nij Co
Add KOH till
alkaline. Acid-
ify with acetic
acid. Add KNO
g
slightly acid
with acetic.
Precipi-
tate^ Co_._
as cobalti-
nitrite
.
Dissolve
in EC 1. Add
NH4OH and
electrolyse
.
Weigh as Co.
Solu-
tion.
Ni.
Add
HC1.
Boil
to
destroy
nitrite
Make
ammoni-
acal
.
Ti-
trate
ali-
quot
portion
with
KCN.
Solution, Mn
.
Boil off H2S.
Precipitate
in dilute H2 S0 4
solution as
MnOg.HgO.
Dissolve in
standard FeSO.
solution.
Titrate excess
with KMn04 .
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SECTIOU II,
Separation .
The type of alloys v/e are dealing with may contain
some or all of the following elements: nickel, cobalt, chromi-
um, copper, tungsten, molybdenum, aluminum, manganese, titani-
um, silicon and boron. Carbon and iron may be present having
been introduced as impurities. It is our purpose to separate
these metals and to determine their amount quantitatively. On
account of the length of time required for the solution of al-
loys of this type, it has been deemed advisable to attempt to
carry out the complete separation from one original solution.
It may later be found better to devise methods of analysis for
some one or more particular metals in the alloy, starting with
a fresh sample for each determination, but that problem will
be reserved until some future time.
By means of the method of solution already described
the sample is divided into two parts, a portion soluble in acid
and an insoluble residue which can later be brought into solu-
tion by fusion with sodium carbonate.
When the treatment with acids is properly carried out
the insoluble portion is found to consist entirely of silica
and tungsten.
Separation of Silica and Tungsten .
The insoluble residue is ignited in a platinum cruci-
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ble to "burn off all the filter paper. It is then treated v/ith
a few drops of sulfuric acid, which is driven off by heating.
The crucible and residue are weighed, after which three or four
cubic centimeters of hydrofluoric acid are added and a few drops
of sulfuric acid. The mixture is evaporated to dryness, taking
oare to avoid spattering, and gentle heating is continued to ex-
pel sulfuric anhydride, after which the crucible is heated to
redness, cooled and weighed. The difference in weight is as-
sumed to be silica.
The residue is fused with sodium carbonate until a
clear quiet liquid is obtained, which solidifies on cooling.
This product is dissolved in water and filtered if any insoluble
material remains. The resulting solution contains the tungsten
as sodium tungstate. The determination of tungsten is carried
out as described in Section III.
Treatment of Acid Soluble Portion.
The acid soluble portion may contain nickel, chromium,
copper, molybdenum, aluminium, titanium, manganese and some-
times iron and cobalt.
Attempts were made to determine copper by deposition
with an electric current, according to the usual methods, both
by means of rotating and stationary electrodes. Changes in the
degree of acidity of the solution were also tried, as was the
addition of substances like sugar syrup to increase the viscosity
of the electrolyte. When a rotating anode was used the deposit
of copper did not adhere well, even with a current so low as
one-tenth ampere. An increase in current caused the copper to
drop off more easily. Using' stationary electrodes, the copper

adhered fairly well, but was only about half removed from the
solution. It is probable that a more thorough study of this
electrolytic method would revecl conditions which would give good
results. It was, however, thought better to resort to other
methods for the present.
Copper was therefore removed along with molybdenum by
passing hydrogen sulfide into the hot solution under slight pres-
sure in a stoppered Erlenmeyer flask until cool. The precipitate
which separates easily from the solution, is filtered off and
washed with water saturated with hydrogen sulfide.
Separation of Popper and Molybdenum .
The precipitate which consists of copper and molybdenum
sulfides is washed into a pressure flask with water saturated
with hydrogen sulfide, the solution is made alkaline with sodium
hydroxide, and a few cubic centimeters of sodium sulfide solution
(10>) are added. The flask is put into boiling water and is
closed after it has reached the temperature of the water. It is
shaken frequently and the precipitate allowed to settle, keeping
the flask in hot water. After treating in this manner for about
two hours the solution should be clear and the precipitate should
settle quickly. The hot solution is filtered and the precipitate
is washed with hydrogen sulfide water. The solution contains the
molybdenum as sodiiun sulfo-molybdate, while the black precipitate
remaining on the filter paper is copper sulfide and is ready to
be determined as described in Section III.
Molybdenum is removed from the sodium sulfo-molybdate
solution by making it acid with sulfuric acid, when MoS 3 is pre-
cipitated. The sulfide is dissolved in boiling nitric acid, fol-

lowed by dilution and filtration, to remove the liberated sulfur.
Sodium hydroxide is then added, the alkaline solution stirred,
and heated to boiling. The molybdenum present as sodium molybdate
is now ready to be determined. (See Section III).
The filtrate from the copper -molybdenum precipitation
is first boiled to expel hydrogen sulfide, and a little bromine
water is added to oxidize ferrous iron. The solution, which may
contain Ui, Go, Gr, Al, Ti, Mn and Fe, is now ready for further
separation.
Separation of Gr and Al from Hi. Go. Ti. Mn and Fe .
About five grams of ammonium chloride are added to the
solution, followed by enough strong ammonia to five it a distinct
odor. The excess is boiled off and the precipitate is filtered.
Gare must be taken not to carry the boiling too far since an acid
reaction may be produced by the hydrolysis of ammonium chloride,
thereby allowing some of the chromium to go into solution. The
precipitate is dissolved in hydrochloric acid, and the separation
is repeated as described above. This time, practically all the
Hi, Co and Mn are separated from the Cr, Al, Ti and Fe. The
filtered precipitate which need not be washed, is again dissolved
in hydrochloric acid and is made strongly alkaline with a concen-
trated solution of caustic potash. This treatment is followed
by the addition of bromine water. On heating to boiling the pre-
cipitate at first goes into solution, and on further treatment
with bromine water, nickel, cobalt and manganese are precipitated.
The iron and titanium are not dissolved by the above treatment,
but are precipitated as the hydroxides when the strong alkali is
added.

The precipitate consisting of JT1
,
Go, Mn, Tl and Fe,
is filtered off, dissolved in hydrochloric acid, and added to the
other nickel, cobalt and manganese solutions. The filtrate from
the alkali treatment consists of sodium salts of chromium and
aluminium. It is acidified with hydrochloric acid. If the beak-
ers in which the oxidation has been carried on have been attacked
by the hot alkali, silica will be precipitated by the acid and
it must be filtered off. The solution is then treated with am-
monia and boiled to precipitate aluminium; chromium remaining
in solution as chromate. The aluminium precipitate always has
a green oolor owing to the presence of a little chromium, so
that it must be dissolved in hydrochloric acid, oxidized with
caustic potash and bromine, and reprecipitated.
The chromate solutions are reduced with hydrogen sul-
fide in acid solution and the chromium is precipitated with am-
monia. For the methods of determining aluminium and chromium
see Section III.
Separation of Titanium .
The solution containing all of the Ui, Go, Mn, Ti and
Fe is made alkaline with ammonia, acidified with acetic acid and
boiled. The titanium separates as TKOPI)^ and is filtered off.
If the precipitate is impure as shown by the color, it is dis-
solved in strong hydrochloric acid, neutralized with ammonia and
again precipitated by boiling with acetic acid.
Separation of Iron .
The filtrate from the titanium precipitation, is made
alkaline with ammonia dnd heated to boiling to make it filter
faster, and the precipitated ferric hydroxide together with a

little manganese, is filtered off. The manganese is separated
by dissolving the precipitate in hydrochloric acid, adding am-
monium chloride and ammonia and immediately filtering off the
iron,
6
Separation of Nickel and Cobalt from Manganese .
The solution from the iron precipitation is made acid
with acetic acid .and hydrogen sulfide is passed into it until
all the nickel and cobalt are precipitated. The precipitate is
filtered off and washed. The solution is boiled to expel the
hydrogen sulfide, sulfuric acid is added and the whole is evap-
orated until crystallization takes place. The manganese is then
ready for precipitation and determination. See Section III.
7.
Separation of llickel and Cobalt .
The precipitate of nickel and cobalt sulfides is dis-
solved by heating with concentrated nitric acid and the filter
paper removed along with the liberated sulfur. The solution is
then made alkaline with caustic potash, and then acidified with
acetic acid. A solution of potassium nitrite with acetic acid
is added, and the whole is stirred vigorously after which it is
allowed to stand in a warm place for about twenty hours or more.
The potassium cobaltinitrite precipitate is filtered off and
washed with a slightly acid five per cent, solution of potassium
nitrite until free from nickel. It is then transferred to a por-
celain dish and dissolved by adding hydrochloric acid, gradually,
until no more nitric oxide is evolved. The cobalt is then ready
for determination.
The filtrate and washings are treated with hydrochloric
acid and boiled until no more oxides of nitrogen are liberated,
and nickel is determined as stated in Section III.
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SECTIOH III.
METHODS OF DBTEBMHIAIIOB
Copper .
For copper, two methods, both volumetric, were employed,
one using standard permanganate, and the other standard thio-
sulfate.
8
The first method devised by Guess and modified by Demor-
est, depends on the fact that copper can be precipitated quan-
titatively, as cuprous sulfocyanate. The filtered precipitate
is treated with sodium hydroxide and the sulfocyanic acid is
titrated with potassium permanganate according to the following
reaction:
5HCUS + 6KMn04 + 4H2S04 « 5HC1J + 3K2S04 6MnS0 4 + 4H20.
If this oxidation is carried out in an acid solution,
it is never accurate, and an empirical factor must be used. The
permanganate, however, can be added to the alkaline solution in
nearly the amount which will be required in acid solution. Then
the mixture may be acidified and the titration finished in the
usual way requiring no empirical factor.
Method of Procedure .
The copper sulfide precipitated from the alloy is dis-
solved in nitric acid, and the nitrate is changed to sulfate by
evaporation with sulfuric acid until fumes of S0 3 are given off.
The solution is cooled and diluted and made alkaline with am-
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raonia. This solution is then neutralized with sulfuric acid add-
ing an excess of one cubic centimeter. A gram of sodium sulfite
in about twenty cubic centimeters of water is added and the whole
is heated to nearly boiling aftor which one gram of potassium
sulfocyanate in twenty cubic centimeters of water is added slow-
ly with stirring. The heating is continued for a short time to
coagulate the precipitate which should be nearly white. It is
filtered in a Gooch crucible and washed well with water. The
suction flask is rinsed well, after which thirty cubic centimeters
of hot sodium hydroxide solution (10$o) are added to the precipi-
tate, sucked through and washed with water. The filtrate is heat-
ed to about fifty degrees and the titration is begun, slowly at
first, the solution turning green owing to the formation of po-
tassium manganate.
After each addition of five cubic centimeters of per-
manganate have been run in one drop of the solution is tested
with ferric chloride and strong hydrochloric acid on a white par-
affined plate. When the red color begins to grow faint, tests
are made more frequently until the color is very faint. Then
about thirty cubic centimeters of sulfuric acid (1:1) are added
to the solution and it is shaken until all the Mn02 is dissolved.
The titration is then finished to the usual endpoint.
From the titration reaction we see that five atoms of
copper are equivalent to six molecules of KMn0 4 , or thirty atoms
of iron. The iron value of the permanganate multiplied by Cu/6Fe
or .1897 gives the copper value of the permanganate.
9
The second method (Low's Modification), depends on the
following equation: «
2Cu(C 2H3 2 ) 2 * 4KI * GuB I 2 + 4XC 2H3 2 I 2 .
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The liberated iodine is titrated with thiosulfate whioh has been
standardized against pure copper foil, one cubic centimeter of
tenth normal thiosulfate being equivalent to 0.006357 grams of
copper.
Procedure : -
The copper sulfide from the alloy is dissolved in hot
nitric acid and the sulfur filtered off. Excess acid is removed
by boiling, bromine water in slight excess is added to expel
oxides of nitrogen and the solution is again boiled to remove
bromine. After making alkaline with ammonia, the excess of which
is boiled off, the solution is acidified with three or four cu-
bic centimeters of strong acetic acid, and after cooling to room
temperature, about three grams of pure potassium iodide are added.
The liberated iodine is titrated with standard thiosulfate, using
starch as indicator toward the end of the reaction.
This method is to be preferred to the permanganate meth-
od because it is quicker, requires fewer manipulations, and has
an easily recognized endpoint.
Uickel .
In estimating nickel in small amounts the dimethylglyox-
10
ime method is probably the most accurate. However, for large
amounts of nickel, titration with a standard solution of potas-
. .
It
sium cyanide is very convenient and accurate. In a slightly am-
moniacal solution nickel ions react with KGIT to form the complex
ion IIi(GN)4,"
MS0 4 + 4KCU - £g(Ni(CH) 4 ) + K2S0 4 .
If the solution contains a precipitate of silver iodide
the turbidity will remain until all the nickel has reacted, be-

fore the silver iodide is affected,
Agl + 2KCN - K(Ag(CII) 2 ) KI.
Procedure : - Solutions required .
1. A tenth normal solution of AglI0 3 made by dissolving 8.495 gms.
of pure AglI0 3 in water and diluting up to five hundred cubic
centimeters. One cubic centimeter is equivalent to 0,01302
gms. of KCH or 0.002934 gms. of nickel.
2. A solution of potassium cyanide prepared by dissolving 13.5
gms of pure KGII and five grams of KOH in water and diluting
to one liter.
3. A solution of potassium iodide containing two grams of KI in
one hundred cubic centimeters.
The KGII solution is titrated with Agli0 3 , about two cu-
bic centimeters of KI solution being added. The Ag + reacts with
CK** until all the Clf* is used up, when a slight turbidity re-
sults. One drop of AgH0 3 in excess of the amount required will
produce a turbidity which is easily recognizable.
The nickel salt is made alkaline with ammonia using
only a slight excess. Five cubic centimeters of AgII0 3 solution
are added together with about two cubic centimeters .of KI, pro-
ducing a marked turbidity. KCH is added with shaking until the
turbidity disappears, after which AgH03 is again run in until one
drop produces a slight permanent turbidity. The total amount of
AglI0 3 used is subtracted from the KCII, the remainder being the
KCK required to titrate the nickel. 1 cubic centimeter H/lO KCU,
is equivalent to 0.002934 grams of nickel.
The method is short and accurate and the manipulations
and observations are easy.

Silicon .
Silicon is determined by the well known method of treat-
ing the insoluble residue with hydrofluoric and sulfuric acids,
getting the weight of silica by difference. If a large amount
of SiOjj is present it may take several treatments with hydro-
fluoric acid to volatilize it all.
Tungsten .
When a solution containing a soluble tungstate is treat-
ed with a strong acid such as nitric or hydrochloric, tungstic an-
hydride is precipitated. If metallic tungsten is dissolved and
treated with nitric acid the tungsten is precipitated as W0 3 .
The treatment consists of boiling down with an excess of the acid,
one treatment not being sufficient to precipitate all the tungsten
in a solution. If iron is present part of it also comes down
with the tungsten as does silica. Silica may be removed with
hydrofluoric acid.
Since W0 3 is the anhydride of an acid it may be dissolv-
ed in an alkali. If the strength of the alkali is known the vol-
ume used can be measured, and after solution is complete, the ex-
IZ
cess can be titrated with standard acid. This method is short
and rapid and fairly accurate.
There are two precipitation methods for obtaining pure
/S
T70 3 . One is by means of mercurous nitrate, and the other with
benzidine hydrochloride. The mercurous tungstate formed in the
first method is not very easy to filter. It is also necessary to
have a good hood under which to ignite the salt in order to carry
off the mercury vapor. The residue to be weighed is Y/0 3 .
The benzidine tungstate precipitate is easily filtered
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and washed, and can be ignited in the open, the weighable product
being T,70 3 .
The determination "by means of this method is carried out
as follows: A neutral solution of sodium tungstate is treated
with benzidine hydrochloride, a white precipitate being formed
which is insoluble in a solution containing benzidine hydrochloride.
The precipitate prepared from a cold solution is not very easily
filtered, but if precipitated hot it filters easily but must be
cooled first because benzidine tungstate is soluble to some extent
in the hot solution. The precipitate is washed with water con-
taining benzidine hydrochloride and is ignited wet, finishing at
a temperature of 800°, and weighed. The precipitation can also
be carried out in the cold if a little sulfuric acid is added.
The benzidine sulfate formed collects the tungstate and is then
easily filtered and washed.
Preparation of Benzidine Solution .
Twenty grams of benzidine are triturated in a mortar
with water and washed into a beaker and treated with twenty-five
cubic centimeters of hydrochloric acid (sp. gr. 1.2). The mix-
ture should occupy about four hundred cubic centimeters. It is
heated until solution takes place forming a brown liquid which is
filtered and diluted to a volume of one liter. The wash solution
is made by diluting ten cubic centimeters of the above to three
hundred cubic centimeters.
Molybdenum
.
is
Molybdenum may be precipitated as the sulfide and ignited
at a dull red heat to the trioxide Mo0 3 . However, this compound
is easily volatilized and a better way to determine it is as the
lead salt. The molybdic acid is treated with sodium hydroxide to

form the sodium salt. The solution is neutralized with hydrochlor-
ic acid using methyl orange as indicator, and an excess of four
cubic centimeters of hydrochloric acid (sp. gr. 1.19) is added,
followed by forty cubic centimeters of ammonium acetate. The lat-
ter reagent is made by adding thirty percent acetic acid to
strong ammonia until neutral. Forty cubic centimeters of one per-
cent lead acetate solution are added, the mixture is well stirred,
filtered, washed with hot water and ignited in a porcelain cruci-
ble. The resulting product of lead molybdate contains 21.16^ moly-
bdenum.
Titanium .
Titanium is precipitated from solution by alkalies in a
manner similar to aluminium. Prom a dilute acid solution titanium
can be precipitated by boiling, the compound Ti(OH) 4 being formed
by hydrolysis. If acetic acid is used all the titanium is thrown
down. It is easily filtered and washed with a very dilute hot
acetic acid solution and after ignition is weighed as Ti0 2 . A di-
lute sulfuric acid solution can also be used but acetic acid is
more reliable.
Aluminium .
/ 7
Aluminium is determined by adding ammonia to an acid so-
lution of the aluminium salt. The excess of ammonia must be boiled
off after which the aluminium hydroxide is filtered, washed thor-
oughly, ignited and weighed as A1 2 3 .
In determining large amounts of aluminium this method
does not give accurate results because the precipitate cannot be
filtered and washed very easily, owing to the tendency of the gel-
atinous precipitate to occlude other substances, and the great dif-
ficulty of completely removing these by washing. However, for
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small amounts this difficulty is not very marked.
Iron .
Iron is determined by adding ammonia to an acid solution
of the ferric salt. The ferric hydroxide formed is filtered,
washed with water, ignited and weighed as Fe 2 3 .
Iron can also be determined volumetrically by oxidation
with permanganate. Ferric chloride in a hot solution is easily re-
duced by stannous chloride, the solution being practically color-
less when reduction is complete. The excess of stannous chloride
is then oxidized with mercuric chloride. After a few minutes
some manganous sulfate solution is added and the whole is titrated
with standard permanganate. The method is given in detail in
18
Treadwell.
Manganese .
If a solution of manganous sulfate containing a little
free sulfuric acid is treated with ammonium persulfate, the man-
ganese is all precipitated as the hydrated dioxide, according to
the equation: -
Mn30 4 + (LE4 ) 2S 2 8 + 3H2 - LIn0 2 .H2 -» (EH4 } 2S0 4 + 2£2S0 4 .
19
Procedure : -
The manganese should all be present as sulfate. About
150 to 250 cubic cent imeters of ammonium persulfate (60 gins, per
liter) are added to the manganese solution, the whole should be
diluted to about 300 cubic centimeters and boiled for fifteen min-
utes, when the precipitate should be allowed to settle. It is
filtered on asbestos after cooling, washed with concentrated nitric
acid till free from iron and with water till free from nitric acid.
The asbestos pad containing the manganese is put in a flask with
some glass beads, covered with 50 cubic centimeters of ferrous

sulfate solution (100 gms. Fe30 4 .7il20; 100 oc. concentrated HgSO*
and 900 oo. HoO), diluted with water to 200 cubic centimeters. The
contents are shaken until the precipitate is dissolved, and the so-
lution is then titrated with standard permanganate. A blank of fer-
rous sulfate solution, is also run on the same amount of ferrous
sulfate. The difference between the two titrations represents the
manganese.
The computations as given by Treadwell are:
50 cc. of FeS04 = T cc. U/10 KMn0 4 .
50 cc. FeS0 4 a grams, sample = t cc. Ef/lO KMrO^.
0.002747 (T - t) X 100 = % Mn.
a
Chromium .
Chromium is determined by treating an acid solution of the
chromic salt with ammonia, boiling off the excess, filtering, wash-
ing well and igniting the Cr 2 3 and weighing. Especial care must
be taken to boil off all the ammonia since Cr(0K) 3 is quite soluble
in an ammoniacal solution. The washing is also important. If the
precipitate is very great in amount so as to fill an eleven centi-
meter filter paper it is almost impossible to wash it completely.
There are volumetric methods for chromium but they are
also open to objections when the chromium is present in large amounts
Cobalt .
Probably the best method for the determination of cobalt
is the electrolytic method by Gibbs. This method is accurate and
is equally applicable to nickel.
The determination is made as follows: For every 0.25 or
0.30 gms. of metal (either Hi or Co) present as sulfate or chloride
but not as nitrate, five to ten grams of ammonium sulfate and 30 to
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40 cubic centimeters of concentrated ammonia are added and the
solution diluted to about 150 cubic oent imeters . This solution
is electrolyzed at room temperature with a current of 0.5 amperes
and an electromotive force of 2.8 to 3.3 volts. The electroly-
sis is complete in three hours. If a more concentrated solution
and a higher current density are used and one of the electrodes
is rotated or the solution is otherwise stirred, it may be fin-
ished in twenty five minutes.
The circuit is broken, the liquid is poured off, the
the deposited metal is washed with water, then with absolute al-
cohol and finally with ether, after which it is dried and weighed.
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Separation
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The barium oarbonate separation of Cr, Al, ?e and Ti
from Hi, Go and Mn was tried. The method was not successful
since nickel remained present in both the precipitate and fil-
trate when it should be only in the filtrate. By this method,
also, fairly large amounts of barium are introduced into the so-
lutions, the separation of which is troublesome owing to the
tendency of barium sulfate to occlude other substances.
D eterminat i ons
The determination of nickel directly from the solution
of the alloy without preliminary separation of all the other
metals was tried. The solution was made up to a standard volume,
and nickel was precipitated from one one-hundredth of the solution
by means of dimethylglyoxime, after precipitating all the chro-
mium, aluminium, titanium and iron with ammonia. The results on
alloy number 64 were:
Solution Ho. $ Hi found.
5 52.40$
53.65
6 55.60
55.10
These are all low, as judged both by the amount of
nickel put into the melt, and also by later results with the cya-
nide method. The fact that small amounts of nickel glyoxime re-
present large percentages of nickel in the sample gives rise to
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enormous errors corresponding to small differences in weight. If
larger amounts of sample are used the amounts of precipitate are
too great to "be handled satisfactorily and accurately.
For copper, direct determination from the original so-
22lution as cuprous sulfocyanate was tried. The results did not
check, due to the presence of other metals as impurities in the
precipitate.
AUAIYTIGAL RESULTS
The efficiency of the method of decomposition used is
well shown hy comparing the successive results obtained for sili-
con from the insoluble residue. In all of the earlier determina-
tions made "by the author, decomposition was very clearly incom-
plete, as shown by the color and general appearance of the residue,
and the percentage results for silicon varied considerably in check
determinations. As experience was gaired in the method the amount
of the residue decreased and its appearance became uniform as did
also the percentage results obtained. This can be seer, by compar-
ing the group of determinations from solutions number 2, 5, 6 and
18 in Table III with the group from 19 and 20. Further light can
be thrown upon the matter by comparing with these the results ob-
tained by Mr. S. A. Braley on the same alloy, using the method as
finally worked out by the author, and taking advantage of the ex-
perience gained by him. These will be seen to be quite satisfac-
torily uniform and in good accord with the results from solutions
19 and 20.
Tungsten was not determined until check results could be
obtained for silicon. Some practice was found to be necessary with
the benzidine method before satisfactorily agreeing results were
obtained.

5TABIB III.
Results of Silicon and Tungsten determinations
in alloy Ho. 64.
Silicon
Solution Ho.
2
5
6
17
18
19
20
)o found.
2.36
1.49
1.97
.75
1.71
.65
.66
Results "by Mr. 3. A. Braley.
.74
.62
.70
.75
.60
.64
Remarks.
Spattered slightly
Tungsten
Solution Ho. % found. Remarks
.
17
18
19
20
Benzidine method
2.30^o
2.40
2.84
2.65
2.68
Results by Mr# 3. A. Braley.
2.09$ 3..73$
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In Tables IY and V are shown the results obtained on
the analysis of alloys numbers 64 and 92. These are compared
with the amounts of the various materials put into the alloys as
stated by Prof. S. W. Parr. Through the courtesy of
Braley his results on alloy number 64 are also shown.
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TABLE IV.
Analysis of Alloy. Ho. 64.
Hi
Gu
Gr
ff
a1
Mn
Ti
Pe
Si
Amounts used.
66.66/0
7.8 )
IB.0%
4.0^
1.5^
1.4#
0.0
.2$
D e t erminat i ons
"by S.^.Braley.
62.75
7.46 (iodide
method)
18.97
2.74
1.63
1.66 (probably
impure)
trace
.70 (average
6)
Determinations
by author.
65. 52
6.96 modified Guess
method.
7.63 weighed as cuprous
sulfocyanate
14.57 incomplete pre-
cipitation.
2.68 Benzidine method.
2.86 impure.
.91
0.0
0.0
.68 average 3.
100.06 /0 96.11 92.85
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TA3LS V.
Analysis of Alloy. Ho. 92.
Amounts used. .^mounts found.
Hi 65.0 61.32
Cr 20.0 20.63
Ho 5.0 4.02
Cu 6.80 6.54 iodide method.
Mn 1.40 1.20
Ti .6 0,0
W 2.0 .72 probably low.
Al 2.0 3.51 Al as impurity
from Ua 2 2
Si .20 1.22
101.00 99.16
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NOTES OH RESULTS
Nickel .
The results for nickel show only approximate agreement
between the determinations of Mr« Braley and the author. In "both
cases less nickel was found than was put into the alloy. This is
probably due to the fact that nickel passes through all the sep-
arations used in the process of analysis and the losses incurred
in these separations are accumulated in the results for this ele-
ment. Another possible explanation may be found in the slagging
of nickel in the melting of the alloy.
Copper .
The agreement for copper is somewhat better, although
all results are lower than the amounts put into the melt. The
3ingle results obtained by the thiocyanate method and the iodide
method are in fair agreement, while that by the modified Guess
method is lov/er. Copper was also determined in three other alloys
by the iodide method, the result in each case being a little low-
er than the amount of copper put in. The difference between the
analytical results and the amounts put in may represent losses in-
curred in melting.
Chromium .
The result for chromium by the author on alloy 64 is
clearly seen to be low, owing probably to incomplete precipitation.
A check result by Mr. Braley on the same alloy shows nearly one
percent- more than waa put into the nelt. The amount on alloy 92
is similarly high. This may be due either to the retention of im-
purities by the precipitate or to the accumulation of chromium in

the melted alloy, owing to selective oxidation of other metals.
"uneaten .
The individual results for tungsten show good agreement.
As compared with the amount put in, there seems to have teen a
considerable loss during the melting period. This loss is much
greater in the case of alloy 92 than it is in number 64. In the
former case tungsten was added after the main portion of the al-
loy was entirely fused, while in the latter it was a portion of
the original melt.
Aluminium.
The results for aluminium as shown are very much higher
than the amounts put in. This has "been found to "be due to the
presence of aluminium compounds in sodium peroxide, which was used
for the oxidation. This discovery was made too late to permit
redeterminations to be made,
Llolybdenum
.
The amount of molybdenum found in alloy 92 agrees fairly
well with the amount reported to have been put in, considering the
fact that a loss may take place in melting , due to the volatiliza-
tion of HoOg which may be formed.
Titanium .
The results for titanium are not at all satisfactory.
Hone was found in either sample by the author, while Mr. Braley
found 1.66^0 in alloy 64. Apparently he made no conclusive test
of this material to assure himself that what he weighed was Ti02»
This seems to be necessary, since two precipitates obtained by
the author end supposed to be titanium dioxide were proven not to
be so by the color test, using sulfuric acid and hydrogen peroxide.

Sum of Results .
In the case of alloy 64 the sum of the results does not
approach 100;j. This is due to the sources of error discussed in
detail in the preceding pages. The results obtained on alloy
number 92 are more encouraging although aluminium is abnormally
high. This is doubtless balanced by the fact that nickel is prob-
ably about two percent low.
r
_'he results are not all that could be desired, neverthe-
less they show that the method may be of more than passing interest.
Practice is necessary to get good separations, for without these
the whole method is a failure, further work with this outline
may give rise to good analytical methods that can be used in prac-
tice.
SUMMARY
General .
A method has been devised for dissolving acid resisting
alloys whose principle constituents are nickel or cobalt, chro-
mium and copper. Starting with this solution a method is pre-
sented for analyzing such alloys quantitatively, which, while it
is by no means entirely satisfactory, still shows promise enough
to warrant further research.
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RECQMMEOTUTIOUS FOE FUTUEB V/ORK
As a result of this work it is recommended that work be
further continued along the general lines developed in this the-
sis, and that a sufficient number of duplicate determinations "be
made on various alloys to allow a proper judgment of the methods
used. It is further recommended that more attention be paid to
electrolytic separations and determinations, and that methods be
studied for the determination of individual elements starting with
a new portion of alloy for each determination. It is highly prob-
able that by these means the time of a complete analysis will be
greatly shortened and the procedure very much simplified.
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